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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recom¬ 
mended  Guidelines  for  Safety  Inspection  of  Dams  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon 
available  data  and  visual  inspections.  Detailed  investigation 
and  analyses  involving  topographic  mapping,  subsurface  investi¬ 
gations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a  Phase  I  investigation;  however,  the  investi¬ 
gation  is  intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  in¬ 
spection  team. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume 
that  the  present  condition  of  the  dam  will  continue  to  represent 
the  condition  of  the  dam  at  some  point  in  the  future.  Only 
through  frequent  inspections  can  unsafe  conditions  be  detected 
and  only  through  continued  care  and  maintenance  can  these  condi¬ 
tions  be  prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydro- 
logic  and  hydraulic  analyses.  In  accordance  with  the  established 
guidelines,  the  Spillway  Design  Flood  is  based  on  the  estimated 
Probable  Maximum  Flood  (greatest  reasonably  possible  storm  run¬ 
off)  for  the  region,  or  fractions  thereof.  The  Spillway  Design 
Flood  provides  a  measure  of  relative  spillway  capacity  and  serves 
as  an  aid  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its 
general  condition,  and  the  downstream  damage  potential. 

Breach  analyses  are  performed,  when  necessary,  to  provide 
data  to  assess  the  potential  for  downstream  damage  and  possible 
loss  of  life.  The  results  are  based  on  specific  theoretical 
scenarios  peculiar  to  the  analysis  of  a  particular  dam  and  are 
not  applicable  to  other  related  studies  such  as  those  conducted 
under  the  Federal  Flood  Insurance  Program. 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 

ABSTRACT 


Rickards  Dam:  NDI  I.D.  No.  PA-00405 


Owner:  Mrs.  Urban  F.  Rickard 

State  Located:  Pennsylvania  (PennDER  I.D.  No.  52-82) 


County  Located: 
Stream: 

Inspection  Date: 


Pike 

Branch  of  Hornbecks  Creek 
17  October  1980 


Inspection  Team:  GAI  Consultants,  Inc. 

570  Beatty  Road 

j/  Monroeville,  Pennsylvania  15146 

Based  on  a  visual  inspection,  construction  history,  and  available 
engineering  data,  the  dam  is  considered  to  be  in  poor  condition. 


The  size  classification  of  the  facility  is  small  and  its  hazard 
classification  is  considered  to  be  high.  In  accordance  with  the 
recommended  guidelines,  the  Spillway  Design  Flood  ( SDF )  for  the 
facility  ranges  between  the  1/2  PMF  (Probable  Maximum  Flood)  and 
the  PMF.  Since  the  facility  is  classified  near  the  lower  bounds  of 
the  small  category,  the  SDF  is  considered  to  be  the  1/2  PMF. 

Results  of  the  hydrologic  and  hyraulic  analysis  indicate  the  facil¬ 
ity  will  pass  and/or  store  only  about  29  percent  of  the  PMF  prior 
to  embankment  overtopping  at  the  low  area  in  the  main  embankment 
crest.  Breach  analysis  indicates  that  failure  under  less  than 
1/2  PMF  conditions  could  lead  to  increased  downstream  damage  and 
potential  for  loss  of  life.  Thus,  based  on  screening  criteria 
provided  in  the  recommended  guidelines,  the  spillway  is  considered 
to  be  seriously  inadequate  and  the  facility  unsafe,  non-emergency. 


Calculations  also  indicate  that  if  the  embankment  and  dike  crests 
were  uniformly  regraded  to  the  elevation  of  the  top  of  the  spillway 
sidewalls  at  1080.5  feet,  the  facility  then  could  pass  and/or  store 
approximately  57  percent  of  the  PMF  and  the  spillway  would  be 
considered  adequate. 

SL*' 

Structural  deficiencies  observed  by  the  inspection  team  in¬ 
cluded  excessive  settlement  of  both  the  main  embankment  and  dike 
structures,  general  deterioration  of  the  spillway  and  outlet  works, 
and  a  general  lack  of  routine  maintenance.  Historical  correspon¬ 
dences  also  strongly  questions  the  construction  quality  of  the 
facility 
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Rickards  Dam:  NDI  I.D.  No.  PA-00408 

It  is  recommended  that  the  owner  immediately: 

a.  Develop  a  formal  warning  system  to  notify  downstream 
inhabitants  should  hazardous  embankment  conditions  develop.  The 
system  should  include  provisions  for  around-the-clock  surveillance 
of  the  facility  during  periods  of  unusually  heavy  precipitation. 

b.  Have  the  main  embankment  and  appurtenant  dike  evaluated 
by  a  registered  professional  engineer  experienced  in  the  design  and 
construction  of  earth  dams  to  assess  their  overall  structural 
integrity  and  make  remedial  recommendations  as  required.  At  a 
minimum,  the  embankment  and  dike  crests  should  be  uniformly  re¬ 
graded  to  the  top  of  the  spillway  sidewalls  at  elevation  1080  5 
feet  to  make  the  facility  hydraulically  adequate. 

c.  Clear  all  excess  vegetation  from  the  slopes  and  crests  of 
the  embankment  and  appurtenant  dike.  In  addition,  remove  the 
overgrowth  and  debris  from  the  spillway  forebay  area. 

d.  Drain  the  inundated  area  along  the  downstream  embankment 
toe  and,  subsequently,  locate  the  source(s)  of  any  seepage  and/or 
leakage.  Furthermore,  any  seepage  and/or  leakage  observed,  includ¬ 
ing  the  seepage  encountered  at  the  discharge  end  of  the  spillway 
channel,  should  be  assessed  in  all  future  inspections,  noting  any 
turbidity  or  changes  in  rates  of  flow. 

e.  Repair  the  deteriorated  concrete  associated  with  the 
spillway. 

f.  Assess  the  operability  of  the  outlet  conduit  and  perform 
any  remedial  work  deemed  necessary  to  make  the  conduit  fully  func¬ 
tional  . 

g.  Develop  formal  manuals  of  operation  and  maintenance  to 
ensure  the  proper  future  care  of  the  facility. 


GAI  Consultants,  Inc. 


Bernard  M.  MihalcifS-  P.E. 


yO%/\REQI3TCRrP^^^^ 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
RICKARDS  DAM 

NDI#  PA-00405,  PENNDER#  52-82 
SECTION  1 

GENERAL  INFORMATION 


1 . 0  Authority 

The  Dam  Inspection  Act,  Public  Law  92-367,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate 
a  program  of  inspection  of  dams  throughout  the  United  States. 


1 . 1  Purpose. 

The  purpose  is  to  determine  if  the  dam  constitutes  a  hazard  to 
human  life  or  property. 


1.2  Description  of  Project. 

a.  Dam  and  Appurtenances.  Rickards  Dam  is  an  earth  embank¬ 
ment  constructed  with  a  1-foot  thick  (minimum)  concrete  corewall 
along  its  centerline.  The  structure  is  approximately  nine  feet 
high  and  370  feet  long,  including  spillway.  An  earth  dike  of 
similar  design,  about  five  feet  high  and  270  feet  long,  spans  a  low 
area  about  1000  feet  sc uthwest  of  the  main  embankment.  The  facil¬ 
ity  is  constructed  with  an  uncontrolled,  rectangular  shaped,  con¬ 
crete  spillway  with  an  ogee-type  weir,  72  feet  in  length,  located 
near  the  left  abutment.  The  total  combined  length  of  embankment, 
spillway  and  dike  is  about  640  feet.  The  outlet  works  consists  of 
a  12-inch  diameter,  terra  cotta  pond  drain  encased  in  concrete  and 
laid  at  the  base  of  the  earth  fill.  Control  is  provided  at  the 
inlet  by  means  of  a  slide  gate. 

b.  Location.  Rickards  Dam  is  located  on  a  branch  of 
Hornbecks  Creek  in  Delaware  Township,  Pike  County,  Pennsylvania. 

The  facility  is  situated  in  the  Pocono  Mountains  of  Pike  County, 
less  than  five  miles  west  of  U.S.  Route  209,  which  parallels  the 
Delaware  River  in  this  area.  The  dam,  reservoir  and  watershed  are 
contained  within  the  Lake  Maskenozha,  Pennsylvania-New  Jersey,  7.5 
minute  U.S.G.S.  topographic  quadrangle  (see  Figure  1,  Appendix  E). 
The  coordinates  of  the  dam  are  N41°  13.5'  and  W74°  55.3'. 

c.  Size  Classification.  Small  (9  feet  high,  187  acre-feet 
storage  capacity  at  top  of  dam). 


d. 


Hazard  Classification.  High  (see  Section  3.1.e). 
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e.  Ownership.  Mrs.  Urban  F.  Rickard 

Park  Road 

Box  94 

Dingmans  Ferry,  Pennsylvania  18328 

f.  Purpose .  Recreation. 

g.  Historical  Data .  Correspondence  contained  in  PennDER 
files  indicates  the  idea  for  a  dam  at  the  site  of  the  present  day 
Rickards  Dam  was  originally  conceived  by  Stoll  Jagger  of  Strouds¬ 
burg,  Pennsylvania,  around  1930.  Mr.  Jagger  had  issued  formal  plans 
and  specifications  and  was  subsequently  granted  a  construction 
permit.  Construction  never  commenced  under  the  direction  of 

Mr.  Jagger,  however,  reportedly  due  to  the  overall  poor  economic 
climate  which  prevailed  in  the  1930’s.  The  land  was  eventually 
sold  in  1936  to  a  New  Jersey  contractor.  Urban  F.  Rickard. 

Mr.  Rickard  revised  the  original  plans  and  began  construction  of 
the  present  facility  in  1937. 

Available  correspondence  indicates  that  construction  of  the 
facility  was  haphazard.  Various  instances  are  documented  where 
actual  construction  differed  significantly  from  the  plans  and 
specifications,  or  was  not  in  compliance  with  the  conditions  of  the 
construction  permit.  Finally,  with  the  facility  near  completion,  a 
state  issued  progress  report  noted  that,  "work  has  not  been  per¬ 
formed  in  a  careful  or  satisfactory  manner."  Specifically,  state 
officials  cited  various  deficiencies  including:  1)  inadequately 
compacted  embankment  materials?  2)  significant  crest  settlement; 

3)  a  poorly  designed  spillway  foundation  that  resulted  in  concrete 
distress;  4)  leakage  along  the  downstream  embankment  toe;  and  5)  an 
overly  steep  downstream  embankment  slope.  Available  correspondence 
gives  no  indication  of  whether  or  not  any  of  the  above  deficiencies 
were  corrected. 

Since  its  completion  the  facility  has  been  inspected  at  least 
three  times  by  the  state.  Inspection  reports  dated  1941,  1956  and 
1965  are  contained  in  PennDER  files.  Generally,  these  reports  cite 
an  overall  lack  of  maintenance  along  with  the  deficiencies  pre¬ 
viously  stated.  Typically,  the  facility  was  considered  to  be  in 
fair  to  poor  condition. 

Rickards  Dam  is  now  owned  by  Mrs.  Urban  F.  Rickard,  widow  of 
the  original  builder.  No  significant  modifications  have  apparently 
been  made  since  its  completion,  although  a  permit  to  draw  down  the 
reservoir  to  repair  a  "leak  in  dike"  was  issued  in  1962.  Also,  it 
is  noted  that  repair  work  on  the  spillway  sidewall  is  dated  1962. 


1.3  Pertinent  Data. 
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b .  Discharge  at  Dam  Site. 

Discharge  Capacity  of  Outlet  Conduit  -  Discharge  curves 
are  not  available. 


Discharge  Capacity  of  Spillway  at  Maximum  Pool  s  710  cfs 
(see  Appendix  D,  Sheet  8). 

c.  Elevations  ( feet  above  mean  sea  level).  The  following 
elevations  were  obtained  from  available  drawings  and  through  field 
measurements  based  on  the  approximate  elevation  of  normal  pool  at 
1077.0  feet  as  estimated  from  Figure  1,  Appendix  E  (also  see  Appen¬ 
dix  D,  Sheet  1). 


Top  of  Dam 
Top  of  Dike 

Top  of  Spillway  Sidewalls 
Maximum  Design  Pool 
Maximum  Pool  of  Record 
Normal  Pool 
Spillway  Crest 
Upstream  Inlet  Invert 
Downstream  Outlet  Invert 
Streambed  at  Dam  Centerline 
Maximum  Tailwater 


1081.0  (design). 
1079.1  (field). 
1080.0  (design). 
1078.9  (field). 

1080.5  (field). 
Not  known. 

Not  known. 

1077.0 

1077.0 

1068.5  (design). 
1068.0  (design). 
1070  (estimate). 
Not  known. 


d.  Reservoir  Length  (feet). 

Top  of  Dam  2800 

Normal  Pool  2700 


e.  Storage  ( acre- feet ) . 

Top  of  Dam  187 

Normal  Pool  98 

f .  Reservoir  Surface  (acres). 

Top  of  Dam  55 

Normal  Pool  26 


g.  Dam. 


Type 


Earth. 


Length 


298  feet  (excluding  spill¬ 
way)  . 


Height 


Nine  feet  (field  measured; 
embankment  crest  to  down¬ 
stream  embankment  toe). 


Top  Width 


8  feet  (design). 
12  feet  (field). 


Upstream  Slope 
Downstream  Slope 
Zoning 


Impervious  Core 

Cutoff 


Grout  Curtain 
Appurtenant  Dike. 
Type 

Location 

Height 

Length 

Internal  Features 

Diversion  Canal  and 
Regulating  Tunnels. 


2H:1V  (design). 

1.75H.-1V  (field). 

2H: IV  (design). 

1 . 75H: IV  (field). 

Concrete  corewall  along 
embankment  centerline 
supported  on  both  sides 
with  earthfill  (see  Fig¬ 
ure  5 ) . 

12-inch  thick  (minimum) 
concrete  corewall  along 
embankment  centerline. 

Corewall  reportedly  extends 
three  feet  into  the  imper¬ 
vious  foundation;  however, 
its  effectiveness  as  a 
cutoff  has  been  questioned 
since  its  construction. 

None  indicated. 


Earth  fill  structure  with  a 
concrete  or  masonry  core¬ 
wall  . 

Approximately  1000  feet 
southwest  of  the  main 
embankment . 

Five  feet  (field  measured; 
embankment  crest  to  down¬ 
stream  embankment  toe). 

270  feet. 

( see  Figure  7 ) . 


None . 
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Crest  Elevation 
Crest  Length 
k.  Outlet  Conduit. 

Type 

Length 

Closure  and 
Regulating  Facilities 

Access 


Uncontrolled,  rectangular 
shaped,  concrete  spillway 
with  an  ogee  shaped  weir 
located  near  the  left 
abutment. 

1077.0  feet. 

72  feet. 


12-inch  diameter  terra 
cotta  pipe  encased  in 
concrete  located  to  the 
right  of  the  spillway. 

50  feet  (estimated). 


Construction  photographs 
indicated  a  slide  gate  at 
the  inlet. 

The  control  mechanism  is 
presently  accessible  by 
diver  only.  (Footbridge 
shown  on  design  drawings . ) 
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SECTION  2 
ENGINEERING  DATA 


2 . 1  Design. 

a.  Design  Data  Availability  and  Sources.  No  formal  design 
reports  or  calculations  are  available  concerning  any  aspect  of  this 
facility.  PennDER  files  contain  correspondence  and  official  docu¬ 
ments,  dated  photographs,  and  several  drawings,  the  most  signficant 
of  which  have  been  included  in  Appendix  E  of  this  report  (see 
Figures  2  through  7 ) . 

b .  Design  Features. 

1.  Embankment .  Design  features  of  the  embankment  are 
presented  in  Figures  3,  4  and  5.  As  indicated,  the  embankment  is 
an  earth  fill  structure,  straight  in  plan,  with  a  central  concrete 
corewall.  The  corewall  has  a  minimum  thickness  of  one  foot  and 
reportedly  extends  one  foot  into  impervious  material.  A  cutoff 
wall  that  extends  two  feet  below  the  corewall  was  reportedly  added 
as  indicated  in  Figure  5.  Both  the  upstream  and  downstream  embank¬ 
ment  slopes  were  designed  at  2H:1V,  but  field  measured  to  be 
slightly  steeper  at  1.75H:1V.  Likewise,  the  design  embankment  crest 
width  is  depicted  as  eight  feet,  but  was  field  measured  to  be  about 
12  feet.  The  upstream  embankment  face  is  covered  with  a  12 -inch 
layer  of  riprap  (see  Photograph  2). 

2 .  Appurtenant  Structures. 

a)  Spillway.  Design  features  of  the  spillway  are 
presented  in  Figures  3,  4  and  6.  As  indicated,  the  spillway  is  an 
uncontrolled,  rectangular  shaped,  concrete  structure  located  at  the 
left  abutment.  A  72-foot  long  (field  measured),  concrete,  ogee- 
type  weir  regulates  flows  through  the  channel  which  consists  of  a 
mortared  riprap  floor  set  between  concrete  sidewalls. 

b)  Outlet  Conduit.  The  outlet  conduit  design  is 
depicted  in  Figures  4  and  5 .  As  indicated,  the  outlet  conduit 
consists  of  a  12-inch  diameter  terra  cotta  pipe  encased  in  con¬ 
crete.  Flows  through  the  conduit  are  reportedly  controlled  at  the 
inlet  by  means  of  a  12-inch  diameter  slide  gate.  The  gate  was 
originally  operated  from  atop  a  small  riser  that  extended  upward 
from  the  outlet  inlet  and  was  accessible  via  a  small  footbridge. 

c)  Dike.  Design  features  of  the  appurtenant  earth 
dike  are  depicted  in  Figure  7.  The  dike  is  a  five  foot  high  earth 
fill  structure  about  270  feet  long.  The  dike  spans  a  low  area 
approximately  1000  feet  southwest  of  the  main  embankment.  A  com¬ 
parison  of  Figures  5  and  7  show  the  internal  design  features  of  the 
main  embankment  and  appurtenant  dike  to  be  very  similar.  The  dike 
cross-section  depicts  a  two  foot  thick,  masonry  corewall  with  a 
plastered  upstream  face  as  opposed  to  the  concrete  corewall  indi¬ 
cated  in  Figure  5  for  the  main  embankment. 


J 
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c.  Specific  Design  Data  and  Criteria.  No  specific  design 
data  or  information  relative  to  design  procedures  are  available. 


2.2  Construction  Records . 

Memoranda  and  correspondence  contained  in  PennDER  files  docu¬ 
ment  much  of  the  construction  history  of  the  facility.  It  is 
apparent,  from  the  available  information,  that  construction  of  the 
facility  was  haphazard  and  prolonged.  Construction  began  in  1937 
and  progressed  without  proper  notification  of  state  officials  as 
required  by  the  conditions  contained  in  the  state  issued  construc¬ 
tion  permit.  Upon  inspection  of  the  facility  the  state  required 
the  owner  to  extend  the  corewall  about  two  feet  deeper  into  the 
foundation.  This  is  depicted  in  both  Figures  5  and  7.  State 
officials  also  noted,  prior  to  the  final  completion  of  the  struc¬ 
ture,  that  compaction  of  the  embankment  materials  was  less  than 
satisfactory  and  was  resulting  in  substantial  settlement.  (Note: 
Field  measurements  indicate  differential  settlement  across  the 
crests  of  both  the  main  embankment  and  appurtenant  dike  in  excess 
of  one  foot  below  the  elevation  of  the  top  of  the  spillway  side- 
walls.)  In  addition,  rocks  and  boulders  were  observed  in  the 
embankment  fill  which  was  not  in  compliance  with  the  approved 
construction  specifications.  These  and  other  instances  prompted  a 
state  official  to  write  in  a  construction  progress  report  that, 
"work  has  not  been  performed  in  a  careful  or  satisfactory  manner." 


2.3  Operational  Records. 

No  records  of  the  day-to-day  operation  of  the  facility  are 
available. 


2 .4  Other  Investigations. 

No  formal  investigations,  other  than  routine  state  inspections 
conducted  in  1941,  1956  and  1965,  have  been  performed  on  this 
facility  subsequent  to  its  completion.  The  results  of  the  inspec¬ 
tions  are  presented  in  brief  reports  contained  in  PennDER  files. 


2 . 5  Evaluation. 

The  available  data  are  considered  sufficient  to  make  a  rea¬ 
sonable  Phase  I  evaluation  of  the  facility. 


( 
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SECTION  3 
VISUAL  INSPECTION 


3 . 1  Observations . 

a.  General .  The  general  appearance  of  the  facility  suggests 
the  dam  and  its  appurtenances  are  in  poor  condition. 

b.  Embankment.  Observations  made  during  the  visual  inspec¬ 
tion  indicate  the  embankment  is  in  poor  condition,  primarily  attri¬ 
butable  to  an  overall  lack  of  maintenance.  The  embankment  crest 
and  slopes  are  covered  with  small  trees  and  lush,  fern-like  vege¬ 
tation  that  effectively  obscures  view  of  the  facility  (see  Photo¬ 
graphs  1  and  2).  No  evidence  of  seepage  through  the  downstream 
embankment  face,  animal  burrows,  sloughing  or  significant  erosion 
was  observed.  A  footpath  is  evident  through  the  heavy  overgrowth 
across  the  downstream  embankment  face  between  the  embankment  crest 
and  the  discharge  end  of  the  outlet  conduit  and  is  considered  to  be 
an  area  of  minor  erosion  (see  Photograph  3).  Field  measurements 
indicate  the  existence  of  differential  settlement  along  the  embank¬ 
ment  crest  in  excess  of  one  foot  below  the  top  of  the  spillway 
sidewalls  (see  "Profile  of  Main  Embankment  Crest  from  Field  Survey," 
Appendix  A).  The  field  team  observed  minor  seepage  (-1  gpm) 
emanating  from  the  downstream  end  of  the  concrete  spillway  channel 
about  30  feet  below  the  spillway  crest.  In  addition,  it  was 
observed  that  the  discharge  end  of  the  outlet  conduit  was  com¬ 
pletely  inundated  ( see  Photograph  4 ) .  Although  the  seepage 
observed  at  the  spillway  contributes  to  this  ponded  condition,  it 

is  possible  that  another  seepage  source,  whose  precise  location 
could  not  be  ascertained,  exists  along  the  downstream  embankment 
toe.  Leakage  through  the  outlet  conduit  could  be  also  contributing 
to  this  condition. 

c.  Appurtenant  Structures . 

1.  Spillway.  The  condition  of  the  spillway  is  con¬ 
sidered  to  be  fair.  Concrete  deterioration  in  the  form  of  c rack¬ 
ing,  spalling  and  popouts  is  apparent  throughout  the  structure  (see 
Photographs  5,  6,  7,  and  8).  The  deterioration,  however,  has  not 
advanced  sufficiently,  as  yet,  to  threaten  the  overall  stability  of 
the  spillway.  The  spillway  forebay  is  silted  and  heavily  overgrown 
to  the  extent  that  spillway  discharges  would  likely  be  adversely 
affected.  In  addition,  the  discharge  channel  is  cluttered  with 
large  driftwood  logs. 

2.  Outlet  Conduit.  The  outlet  conduit  is  considered  to 
be  in  poor  condition.  The  conduit  was  not  operated  in  the  presence 
of  the  inspection  team  nor  did  the  owner's  representative  have  any 
specific  knowledge  of  when  it  was  last  successfully  operated. 
Remnants  of  what  apparently  used  to  be  a  footbridge  that  lead  to 
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the  gate  control  (see  Figure  5)  were  observed  along  the  upstream 
embankment  face.  Thus,  the  control  mechanism  is  presently  in¬ 
accessible.  The  discharge  end  of  the  conduit  is  also  completely 
inundated  with  only  the  top  portion  of  the  concrete  headwall  visi¬ 
ble  (see  Photograph  4). 

3.  Dike.  The  appurtenant  earth  dike  is  considered  to 
be  in  fair  condition,  due  primarily  to  a  general  lack  of  main¬ 
tenance.  The  slopes  are  heavily  overgrown  with  brush  and  small 
trees  (see  Photographs  11  and  12).  No  evidence  of  sloughing, 
erosion,  seepage  through  the  downstream  embankment  face,  or  animal 
burrows  was  observed.  Swamp-like  conditions  exist,  however,  along 
the  downstream  toe  area,  which  suggests  an  inadequate  cutoff. 

d.  Reservoir  Area.  The  general  area  surrounding  the  res¬ 
ervoir  is  composed  of  moderate  slopes  that  are  heavily  forested. 

No  signs  of  slope  distress  were  observed. 

An  impoundment  known  as  Long  Ridge  Dam  is  located  at  the 
southwest  corner  of  the  Rickards  Lake  watershed,  approximately  one 
mile  upstream  of  Rickards  Dam.  Long  Ridge  Dam  (PennDER  I.D.  No. 
52-185)  is  an  earth  embankment  about  12  feet  high  and  274  feet 
long,  including  spillway.  The  facility  is  constructed  with  a 
spillway  consisting  of  a  small,  rock  lined,  trapezoidal  shaped 
channel  with  about  two  feet  of  available  freeboard  and  a  maximum 
discharge  capacity  of  approximately  190  cfs. 

e.  Downstream  Channel.  Discharges  from  Rickards  Dam  flow 
almost  immediately  into  a  downstream  reservoir  known  as  Lower 
Rickards  Lake.  Lower  Rickards  Dam  (PennDER  I.D.  No.  52-103)  is  an 
earth  embankment  about  10  feet  high  and  510  feet  long,  including 
spillway  (see  Appendix  D,  Sheets  19  and  20).  The  channel  below 
Lower  Rickards  Dam  is  gently  sloped  and  confined  in  a  partially 
developed,  wooded  valley.  It  is  estimated  that  between  10  to  20 
persons  inhabit  several  dwellings  situated  near  the  streambed  in 
the  1700-foot  long  valley  between  Lower  Rickards  Dam  and  Little 
Fawn  Lake  Dam  (no  PennDER  No.  issued  to  date).  Located  immediately 
downstream  of  Little  Fawn  Lake  Dam  is  Fawn  Lake  Dam  (PennDER  I.D. 
No.  52-182;  see  Appendix  D,  Sheets  23  and  24).  Camp  Log-N-Twig,  a 
seasonal  recreation  camp  located  along  the  stream  banks  about  6,200 
feet  downstream  of  Fawn  Lake  Dam,  likely  houses  several  hundred 
persons  during  its  peak  season.  A  breach  of  Rickards  Dam  could 
result  in  substantial  damage  to  the  above  mentioned  downstream 
impounding  facilities  and  possibly  loss  of  life  at  the  dwellings 
between  Lower  Rickards  Dam  and  Little  Fawn  Lake  Dam,  as  well  as  at 
Camp  Log-N-Twig.  Thus,  the  hazard  classification  for  the  facility 
is  considered  to  be  high. 


3 . 2  Evaluation. 

The  overall  condition  of  the  facility  is  considered  to  be 
poor.  Deficiencies  observed  by  the  inspection  team  requiring 
remedial  attention  include:  1)  regrading  the  crests  of  embankment 
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and  appurtenant  dike  and  removing  all  excess  vegetation  from  their 
slopes;  2)  draining  the  inundated  area  along  the  downstream  embank¬ 
ment  toe  and  locating  any  areas  of  embankment  seepage  and/or  outlet 
conduit  leakage;  3)  repairing  all  deteriorated  portions  of  the 
spillway  and  removing  the  overgrowth  from  the  forebay  area;  and 
4)  confirming  the  operability  of  the  outlet  conduit. 
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SECTION  4 

OPERATIONAL  PROCEDURES 


4.1  Normal  Operating  Procedure. 

Rickards  Dam  is  essentially  a  self-regulating  facility. 

Excess  inflows  are  automatically  discharged  through  the  spillway 
and  directed  downstream.  Typically,  the  outlet  conduit  is  closed. 
No  formal  operations  manual  is  presently  available. 


4.2  Maintenance  of  Dam. 

According  to  information  contained  in  PennDER  files,  Rickards 
Dam  has  a  well  documented  history  of  inadequate  maintenance.  No 
maintenance  is  presently  performed  on  any  routine  basis.  No  formal 
maintenance  manual  outlining  maintenance  procedures  is  available. 


4.3  Maintenance  of  Operating  Facilities. 

See  Section  4.2  above. 

4.4  Warning  System. 

No  formal  warning  system  is  in  effect. 

4.5  Evaluation. 

No  formal  operations  or  maintenance  manuals  are  presently 
available,  but,  are  recommended  to  ensure  the  future  proper  care  and 
operation  of  the  facility..  In  addition,  warning  system  procedures 
should  be  formalized  and  incorporated  into  these  manuals. 


SECTION  5 


HYDROLOG I C/HYDRAUL I C  EVALUAT I ON 


5 . 1  Design  Data. 

No  formal  design  data,  calculations,  or  design  reports  are 
available. 


5.2  Experience  Data. 

Daily  records  of  reservoir  levels  and/or  spillway  dicharges 
are  not  available. 


5.3  Visual  Observations. 

The  spillway  was  observed  by  the  inspection  team  to  be  in  fair 
condition.  Heavy  overgrowth  in  the  spillway  forebay  could  poten¬ 
tially  block  free  spillway  flow,  especially  along  portions  of  the 
weir  adjacent  to  the  sidewalls  (see  Photographs  5  and  7).  Thus, 
the  overall  discharge  capacity  of  the  spillway  would  be  effectively 
reduced.  This  condition  can  be  easily  rectified  through  normal 
maintenance,  and  consequently,  it  was  assumed  to  have  been  cor¬ 
rected  in  the  analysis. 


5.4  Method  of  Analysis. 

The  facility  has  been  analyzed  in  accordance  with  the  proce¬ 
dures  and  guidelines  established  by  the  U.S.  Army,  Corps  of  Engi¬ 
neers,  Baltimore  District,  for  Phase  I  hydrologic  and  hydraulic 
evaluations.  The  analysis  has  been  performed  utilizing  a  modified 
version  of  the  HEC-1  program  developed  by  the  U.S.  Army,  Corps  of 
Engineers,  Hydrologic  Engineering  Center,  Davis,  California. 
Analytical  capabilities  of  the  program  are  briefly  outlined  in  the 
preface  contained  in  Appendix  D. 


5 . 5  Summary  of  Analysis. 

a.  Spillway  Design  Flood  ( SDF) .  In  accordance  with  pro¬ 
cedures  and  guidelines  contained  in  the  National  Guidelines  for 
Safety  Inspection  of  Dams  for  Phase  I  Investigations,  the  Spillway 
Design  Flood  (SDF)  for  Rickards  Dam  ranges  between  the  1/2  PMF 
(Probable  Maximum  Flood)  and  the  PMF.  This  classification  is  based 
on  the  relative  size  of  the  dam  (small),  and  the  potential  hazard 
of  dam  failure  to  downstream  developments  (high).  Since  the  facil¬ 
ity  is  classified  near  the  lower  bounds  of  the  small  category,  the 
SDF  for  the  facility  is  considered  to  be  the  1/2  PMF. 
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b.  Results  of  Analysis.  Rickards  Dam  was  evaluated  under 
normal  operating  conditions.  That  is,  the  reservoir  was  initially 
at  its  normal  pool  or  spillway  elevation  of  1077.0  feet,  with  the 
spillway  weir  unobstructed  and  discharging  freely.  The  outlet 
conduit  was  assumed  to  be  non- functional  for  the  purpose  of  analy¬ 
sis,  since  the  total  flow  capacity  of  the  conduit  is  not  such  that 
it  would  significantly  increase  the  total  discharge  capabilities  of 
the  dam.  The  spillway  consists  of  an  uncontrolled,  rectangular 
shaped,  concrete  channel  with  discharges  regulated  by  a  concrete, 
ogee-type  weir. 

Long  Ridge  Dam,  located  about  0.7-mile  upstream  from  Rickards 
Dam,  was  also  evaluated  in  this  analysis.  It,  too,  was  evaluated 
under  normal  operating  conditions.  That  is,  the  reservoir  was 
initially  at  normal  pool,  the  spillway  was  assumed  to  be  discharg¬ 
ing  freely,  and  the  outlet  conduit  was  assumed  to  be  closed. 

Outflow  from  Long  Ridge  Dam  was  routed  directly  into  Rickards  Lake. 
All  pertinent  engineering  calculations  relative  to  the  evaluation 
of  Rickards  Dam,  including  those  pertaining  to  the  upstream  Long 
Ridge  Dam,  are  provided  in  Appendix  D. 

Overtopping  analysis  (using  the  modified  HEC-1  computer  pro¬ 
gram)  indicated  that  the  discharge/storage  capacity  of  Rickards  Dam 
can  accommodate  only  about  29  percent  of  the  PMF  prior  to 
embankment  overtopping  while  Long  Ridge  Dam  can  accommodate  about 
60  percent  of  the  PMF  prior  to  overtopping.  Under  1/2  PMF  ( SDF ) 
conditions,  the  main  embankment  was  overtopped  for  about  4.2  hours 
by  depths  up  to  0.5-foot,  while  the  dike  was  inundated  for  about 
5.2  hours  with  a  maximum  depth  of  about  0.7- foot  (Appendix  D, 
Summary  Input/Output  Sheets,  Sheets  G  and  H).  Since  the  SDF  for 
Rickards  Dam  is  the  1/2  PMF,  it  can  be  concluded  that  the  dam  has  a 
high  potential  for  overtopping,  and  thus,  for  breaching  under 
floods  of  less  than  SDF  magnitude.  It  must  be  noted  that  if  the 
crest  of  the  main  embankment  and  the  appurtenant  dike  were  brought 
up  to  the  elevation  of  the  spillway  sidewalls  at  1080.5  feet,  the 
facility  would  pass  and/or  store  about  57  percent  of  the  PMF. 

Since  Rickards  Dam  cannot  safely  pass  a  flood  of  at  least 
1/2  PMF  magnitude,  the  possibility  of  embankment  failure  under 
floods  of  less  than  1/2  PMF  intensity  was  investigated  (in  accor¬ 
dance  with  Corps  directive  ETL-1110-2-234 ) .  Several  possible 
alternative  failure  schemes  were  examined,  since  it  is  difficult, 
if  not  impossible,  to  determine  exactly  how  or  if  a  specific  dam 
will  fail.  The  major  concern  of  the  breaching  analysis  is  with  the 
impact  of  the  various  breach  discharges  on  increasing  downstream 
water  surface  elevations  above  those  to  be  expected  if  breaching 
did  not  occur. 

The  modified  HEC-1  computer  program  was  used  for  the  breaching 
analysis  with  the  assumption  that  the  breaching  of  an  earth  dam 
would  begin  once  the  embankment  was  overtopped.  Also,  in  routing 
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the  outflows  downstream,  the  channel  bed  was  assumed  to  be  ini¬ 
tially  dry. 

Six  possible  modes  of  failure  were  investigated.  First,  two 
sets  of  breach  geometry  were  evaluated  for  each  of  two  failure 
times.  The  two  breach  sections  chosen  were  considered  to  be  the 
minimum  and  maximum  probable  failure  sections.  The  maximum  section 
was  modeled  to  include  the  simultaneous  failure  of  both  the  main 
embankment  and  the  appurtenant  dike.  The  two  failure  times  (total 
time  for  each  breach  section  to  reach  its  final  dimensions)  under 
which  the  minimum  and  maximum  breach  sections  were  investigated 
were  assumed  to  be  a  rapid  time  (0.5-hour)  and  a  prolonged  time 
(3.0  hours),  so  that  a  range  of  this  most  sensitive  variable  might 
be  examined.  In  addition,  an  average  possible  set  of  breach  con¬ 
ditions  was  analyzed  with  a' failure  time  of  1.0-hour.  Finally,  a 
breach  model  which  involved  a  failure  only  at  the  dike  was  examined, 
consisting  of  an  average  possible  set  of  breach  conditions  and  a 
failure  time  of  1.0-hour  (Appendix  D,  Sheet  26). 

The  peak  breach  outflows  (resulting  from  0.32  PMF  conditions) 
at  Rickards  Dam  ranged  from  about  1,080  cfs  for  the  minimum  sec¬ 
tion-maximum  fail  time  scheme  to  about  7,270  cfs  for  the  maximum 
section-minimum  fail  time  scheme.  The  peak  outflow  from  the  aver¬ 
age  breach  scheme  was  approximately  2,380  cfs,  while  the  resulting 
peak  outflow  from  the  potential  failure  at  the  dike  only  was  about 
1,330  cfs.  The  non-breach  0.32  PMF  peak  outflow  was  approximately 
820  cfs  (Appendix  D,  Sheet  27). 

The  breach  outflows  were  first  routed  through  Lower  Rickards 
Dam.  Although  the  various  breach  schemes,  as  well  as  the  non¬ 
breach  scheme,  resulted  in  the  overtopping  of  Lower  Rickards  Dam  by 
depths  ranging  from  0.5  to  2.3  feet,  the  possible  failure  of  this 
dam  was  not  examined  in  this  analysis  (Appendix  D,  Sheet  28). 

The  discharges  were  then  routed  to  Section  1  (see  Figure  1, 
Appendix  E),  located  about  0.2-mile  downstream  from  Lower  Rickards 
Dam,  or  about  0.4-mile  downstream  from  Rickards  Dam.  Within  this 
reach,  the  0.32  PMF  non-breach  outflows  rose  to  about  0.6-foot 
above  the  damage  levels  of  the  nearby  residences.  However,  the 
water  surface  levels  resulting  from  the  breach  models  ranged  from 
0.3-foot  to  3.0  feet  above  the  non-breach  levels,  and  thus,  ranged 
up  to  3.6  feet  above  the  damage  levels  of  the  dwellings  (Appen¬ 
dix  D,  Sheet  28).  The  consequences  of  dam  failure  can  better  be 
envisioned  if  not  only  the  increase  in  the  height  of  the  floodwave 
is  considered,  but  also  the  great  increase  in  momentum  of  the 
larger  and  probably  swifter  moving  volume  of  water. 

The  discharges  were  subsequently  routed  through  Little  Fawn 
Lake  Dam  and  Fawn  Lake  Dam.  The  embankment  at  Little  Fawn  Lake  Dam 
was  subjected  to  extensive  overtopping  in  all  cases,  including  the 
non-breach  situation  (Appendix  D,  Sheet  29).  The  potential  failure 
of  this  dam  was  not  examined  herein.  The  embankment  at  Fawn  Lake 
Dam  was  also  overtopped  under  the  0.32  PMF  non-breach  model,  by 
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depths  of  up  to  0.6-foot  above  the  minimum  embankment  crest  eleva¬ 
tion.  However,  the  discharges  from  the  various  breach  schemes  at 
Rickards  Dam  resulted  in  the  overtopping  of  Fawn  Lake  Dam  by  up  to 
2.1  feet,  producing  a  much  greater  likelihood  for  embankment  failure 
(Appendix  D,  Sheet  29).  Failure  of  Fawn  Lake  Dam  would  result  in 
increased  property  damage  and  possibly  loss  of  life  according  to 
the  results  of  the  Phase  I  Inspection  Report  entitled  "Fawn  Lake 
Dam",  by  GAI  Consultants,  Inc.,  dated  June  1981  (see  Appendix  D, 
Sheet  19,  Note  4). 

Therefore,  it  is  concluded  that  the  failure  of  Rickards  Dam 
would  most  likely  lead  to  increased  property  damage  and  possibly 
loss  of  life  in  the  downstream  regions. 


5 . 6  Spillway  Adequacy. 

As  presented  previously,  Rickards  Dam  can  accommodate  only 
about  29  percent  of  the  PMF  prior  to  embankment  overtopping.  It 
has  been  shown  that  should  an  event  of  magnitude  greater  than  this 
occur,  the  dam  would  be  overtopped  and  could  possibly  fail,  endan¬ 
gering  downstream  residences  and  increasing  the  potential  for  loss 
of  life  in  the  downstream  regions.  Therefore,  the  spillway  is 
considered  to  be  seriously  inadequate.  If,  however,  the  embankment 
and  appurtenant  dike  were  regraded  to  the  elevation  of  the  top  of 
the  spillway  sidewalls  at  1080.5  feet,  the  facility  could  then  pass 
and/or  store  approximately  57  percent  of  the  PMF  and  the  spillway 
would  be  considered  adequate. 
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SECTION  6 

EVALUATION  OF  STRUCTURAL  INTEGRITY 


6.1  Visual  Observations . 

a.  Embankment.  The  embankment  is  considered  to  be  in  poor 
condition.  The  deficiencies  noted  by  the  inspection  team  are 
attributable  to  both  inadequate  adherence  to  construction  speci¬ 
fications  and  an  ongoing  lack  of  adequate  maintenance.  Field 
measured  settlement  in  excess  of  one  foot  below  the  elevation  of 
the  top  of  the  spillway  sidewalls  effectively  reduces  the  overall 
discharge  capacity  of  the  spillway  prior  to  embankment  overtopping. 
Furthermore,  local  low  areas  will  tend  to  concentrate  flows  during 
overtopping,  thus,  increasing  erosion  and  the  potential  for  embank¬ 
ment  failure.  Compounding  the  problem  is  the  fact  that,  based  on 
available  correspondence,  lack  of  adequate  compaction  during  con¬ 
struction  likely  increases  the  expected  erodibility  of  the  fill. 
Lack  of  adequate  maintenance  has  resulted  in  overgrown  slopes  and  a 
generally  poor  appearance.  Nevertheless,  no  evidence  of  excess 
embankment  stresses,  slope  instability,  or  seepage  through  the 
downstream  embankment  face  was  observed.  Heavy  overgrowth  across 
the  embankment  slopes  and  along  the  downstream  toe  hamper  visual 
observation  of  critical  conditions  and  should  be  removed.  Simi¬ 
larly,  the  ponded  condition  in  the  vicinity  of  the  outlet  conduit 
discharge  obscures  view  of  the  specific  location  of  any  seepage 
which  may  be  contributing  to  this  condition.  The  ponded  water 
should  be  drained  and  the  seepage  source(s)  located,  estimated  and 
recorded  on  a  regular  basis. 

b .  Appurtenant  Structures. 

1.  Spillway.  The  spillway  appears  structurally  sound 
and  is  presently  m  fair  condition.  Observed  overgrowth  in  the 
spillway  forebay  should  be  removed  to  afford  maximum  discharge 
capacity.  Efforts  should  be  made  to  repair  areas  of  concrete 
deterioration.  If  deterioration  were  to  continue,  it  is  possible 
that  high  flows  could  damage  the  structure  and  possibly  endanger 
the  embankment. 

2.  Outlet  Conduit.  The  outlet  conduit  may  be  func¬ 
tional;  however-]  it  was  not  operated  in  the  presence  of  the  in¬ 
spection  team.  Access  to  the  control  mechanism  above  the  elevation 
of  normal  pool  should  be  reestablished.  In  addition,  the  ponded 
condition  at  the  discharge  end  should  be  alleviated  and  the  outlet 
kept  clear  and  unobstructed. 

3.  Dike.  The  appurtenant  earth  dike  is  considered  to 
be  in  fair  condition  exhibiting  many  of  the  same  deficiencies 
associated  with  the  main  embankment.  Similarly,  the  crest  of  the 
dike  should  be  raised  to  the  elevation  of  the  top  of  the  spillway 
sidewalls  of  the  main  embankment  and  excess  overgrowth  should  be 
removed  from  the  dike  crest  and  slopes.  In  addition,  specific 


provisions  should  be  made  to  include  the  dike  area  in  any  formal 
maintenance  program  eventually  developed  for  the  main  embankment. 

6.2  Design  and  Construction  Techniques. 
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No  information  is  available  that  details  any  design  particu¬ 
lars.  PennDER  files  do  contain  information  relative  to  various 
aspects  of  the  construction  of  the  facility.  Evidence  of  a  lack  of 
adherence  to  construction  specifications  and  generally  poor  con¬ 
struction  practices  contributed  to  our  overall  poor  evaluation  of 
this  facility. 


6.3  Past  Performance. 

No  records  relative  to  the  performance  history  of  the  facility 
are  available;  however,  a  drawdown  permit  was  issued  in  1962  to 
ostensibly  repair  a  reported  leak  in  the  dike. 


6.4  Seismic  Stability. 

The  dam  is  located  in  Seismic  Zone  No.  1  and  may  be  subject  to 
minor  earthquake  induced  dynamic  forces.  If  subsequent  engineering 
evaluations  confirm  that  the  structure  is  statically  stable,  it  is 
believed  that  the  facility,  as  constructed,  will  be  able  to  with¬ 
stand  the  expected  dynamic  forces;  however,  no  calculations  and/or 
investigations  were  performed  to  confirm  this  opinion. 


A 
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SECTION  7 

ASSESSMENT  AND  RECOMMENDATIONS  FOR  REMEDIAL  MEASURES 


7 . 1  Dam  Assessment. 

a.  Safety.  The  results  of  this  investigation  indicate  the 
facility  is  m  poor  condition. 

The  size  classification  of  the  facility  is  small  and  its 
hazard  classification  is  considered  to  be  high.  In  accordance  with 
the  recommended  guidelines,  the  Spillway  Design  Flood  (SDF)  for  the 
facility  ranges  between  the  1/2  PMF  (Probable  Maximum  Flood)  and 
the  PMF.  Since  the  facility  is  classified  near  the  lower  bounds  of 
the  small  category,  the  SDF  is  considered  to  be  the  1/2  PMF. 

Results  of  the  hydrologic  and  hydraulic  analysis  indicate  the 
facility  will  pass  and/or  store  only  about  29  percent  of  the  PMF 
prior  to  embankment  overtopping  at  the  low  area  in  the  main  embank¬ 
ment  crest.  Breach  analysis  indicates  that  failure  under  1/2  PMF 
conditions  could  lead  to  increased  downstream  damage  and  potential 
for  loss  of  life.  Thus,  based  on  screening  criteria  provided  in 
the  recommended  guidelines,  the  spillway  is  considered  to  be  ser¬ 
iously  inadequate  and  the  facility  unsafe,  non-emergency. 

Calculations  also  indicate  that  if  the  embankment  and  dike 
crests  were  uniformly  regraded  to  the  elevation  of  the  top  of  the 
spillway  sidewalls  at  1080.5  feet,  the  facility  could  then  pass 
and/or  store  approximately  57  percent  of  the  PMF  and  the  spillway 
would  be  considered  adequate. 

Structural  deficiencies  observed  by  the  inspection  team  in¬ 
cluded  excessive  settlement  of  both  the  main  embankment  and  dike 
structures,  general  deterioration  of  the  spillway  and  outlet  works, 
and  a  general  lack  of  surface  maintenance.  Historical  correspon¬ 
dence  also  strongly  question  the  construction  quality  of  the 
facility. 

b.  Adequacy  of  Information.  The  available  data  are  consid¬ 
ered  sufficient  to  make  a  reasonable  Phase  I  assessment  of  the 
facility. 

c.  Urgency.  The  recommendations  listed  below  should  be 
implemented  immediately. 

d.  Necessity  for  Additional  Investigations.  Additional 
investigations  are  considered  necessary  to  further  assess  the 
overall  structural  integrity  of  the  embankment  and  appurtenant 
dike. 


7 . 2  Recommendations/Remedial  Measures . 

It  is  recommended  that  the  owner  immediately: 

a.  Develop  a  formal  warning  system  to  notify  downstream 
inhabitants  should  hazardous  embankment  conditions  develop.  The 
system  should  include  provisions  for  around-the-clock  surveillance 
of  the  facility  during  periods  of  unusually  heavy  precipitation. 

b.  Have  the  main  embankment  and  appurtenant  dike  evaluated 
by  a  registered  professional  engineer  experienced  in  the  design  and 
construction  of  earth  dams  to  assess  their  overall  structural 
integrity  and  make  remedial  recommendations  as  required.  At  a 
minimum,  the  embankment  and  dike  crests  should  be  uniformly  regraded 
to  the  top  of  the  spillway  sidewalls  at  elevation  1080.5  feet  to 
make  the  facility  hydraulically  adequate. 

•  c.  Clear  all  excess  vegetation  from  the  slopes  and  crests  of 
the  embankment  and  appurtenant  dike.  In  addition,  remove  the 
overgrowth  and  debris  from  the  spillway  forebay  area. 

d.  Drain  the  inundated  area  along  the  downstream  embankment 
toe  and,  subsequently,  locate  the  source(s)  of  any  seepage  and/or 
leakage.  Furthermore,  any  seepage  and/or  leakage  observed,  includ¬ 
ing  the  seepage  encountered  at  the  discharge  end  of  the  spillway 
channel,  should  be  assessed  in  all  future  inspections  noting  any 
turbidity  and/or  changes  in  rates  of  flow. 

e.  Repair  the  deteriorated  concrete  associated  with  the 
spillway. 

f.  Confirm  the  operability  of  the  outlet  conduit  and  perform 
any  remedial  work  deemed  necessary  to  make  the  conduit  fully  func¬ 
tional.  In  addition,  extend  the  gate  control  mechanism  vertically 
upward  so  that  it  is  accessible  above  normal  pool. 


g.  Develop  formal  manuals  of  operation  and  maintenance  to 
ensure  the  proper  future  care  of  the  facility. 
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VISUAL  INSPECTION  CHECKLIST  AND  FIELD  SKETCHES 
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TO  EARTH 
DIKE 


RICKARDS  DAM 

GENERAL  PLAN-FIELD  INSPECTION  NOTES 
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APPENDIX  B 

ENGINEERING  DATA  CHECKLIST 


( 


CHECK  LIST 
ENGINEERING  DATA 
PHASE  I 


MATERIAL 

INVESTIGATIONS'  PennDER  records  refer  to  shallow  test  pits  dug  during  construction  to  assess 

BORING  RECORDS  as-built  foundation  conditions. 

LABORATORY  TESTING 

FIELD  TESTING  _ 


CHECK  LIST 
ENGINEERING  DATA 
PHASE! 
(CONTINUED) 


MODIFICATIONS  None. 


GAI  CONSULTANTS,  INC. 


CHECK  LIST  NOI  ID  #  pa-00405  . . 

HYDROLOGIC  AND  HYDRAULIC  PENNDER  ID  »  52-82 

ENGINEERING  DATA 

SIZE  OF  DRAINAGE  AREA:  1.2  square  miles  (total);  1.1  square  miles  (local). 
ELEVATION  TOP  NORMAL  POOL  1077.0  STORAGE  CAPACITY:  98  acre-feet. 

ELEVATION  TOP  FLOOD  CONTROL  POOL:  .  _  .  STORAGE  CAPACITY:  _  . . 

ELEVATION  MAXIMUM  OESIGN  POOL:  -  STORAGE  CAPACITY: _ -  _  _ 

ELEVATION  TOP  DAM:  *1079.1  STORAGE  CAPACITY:  187  acre-feet. _ 

(field) 

SPILLWAY  DATA 

CREST  ELEVATION:  1077.0  feet. _ 

TYPE:  Uncontrolled,  rectangular  concrete  channel  with  ogee-type  weir. 

CREST  LENGTH:  72  feet. _ 

CHANNEL  LENGTH:  30  feet. _ 

SPILLOVER  LOCATION:  Left  abutment. _ 

NUMBER  AND  TYPE  OF  GATES:  None. _ 

OUTLET  WORKS 

TYpg;  12-inch  diameter  terra-cotta  pipe  encased  in  concrete. _ 

LOCATION:  Right  of  spillway. _ 

ENTRANCE  INVERTS:  1068.5  (design). _ 

EXIT  INVERTS: _ 1068.0  (design). _ 

EMERGENCY  DRAWDOWN  FACILITIES:  Slide  gate  at  inlet. 

HYDROMETEOROLOGICAL  GAGES 

TYPE:  .  None . _ 

LOCATION:  _ I _ 

RECORDS:  _ I _ 

MAXIMUM  NON-DAMAGING  DISCHARGE:  _  Not  known. _ 

♦Elevation  top  of  dike:  1078.9  (field). 
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RICKARDS  DAM 
PHOTOGRAPH  KEY  MAP 


PHOTOGRAPH  4  View  of  the  presently  inundated  discharge  end  of  the  outlet  conduit 

located  along  the  downstream  embankment  toe  to  the  right  of  the  spill- 


PHOTOGRAPH  8  View  of  the  deteriorated  right  spillway  sidewall. 


PHOTOGRAPH  12  View  of  the  upstream  dike  face. 
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APPENDIX  D 


HYDROLOGIC  AND  HYDRAULIC  ANALYSES 


! 

! 


PREFACE 


The  modified  HEC-1  program  is  capable  of  performing  two 
basic  types  of  hydrologic  analyses:  1)  the  evaluation  of  the 
overtopping  potential  of  the  dam;  and  2)  the  estimation  of  the 
downstream  hydrologic-hydraulic  consequences  resulting  from 
assumed  structural  failures  of  the  dam.  Briefly,  the  computational 
procedures  typically  used  in  the  dam  overtopping  analysis  are  as 
follows: 

a.  Development  of  an  inflow  hydrograph(s)  to  the  reservoir. 

b.  Routing  of  the  inflow  hydrograph(s )  through  the  reser¬ 
voir  to  determine  if  the  event(s)  analyzed  would  overtop  the  dam. 

c.  Routing  of  the  outflow  hydrograph(s )  from  the  reservoir 
to  desired  downstream  locations.  The  results  provide  the  peak 
discharge(s) ,  time(s)  of  occurrence  the  peak  discharge(s) ,  and 
the  maximum  stage(s)  of  each  routed  hydrograph  at  the  downstream 
end  of  each  reach. 

The  evaluation  of  the  hydrologic-hydraulic  consequences 
resulting  from  an  assumed  structural  failure  (breach)  of  the  dam 
is  typically  performed  as  shown  below. 

a.  Development  of  an  inflow  hydrograph(s )  to  the  reser¬ 
voir. 

b.  Routing  of  the  inflow  hydrograph(s )  through  the  reser¬ 
voir. 

c.  Development  of  a  failure  hydrograph(s)  based  on  speci¬ 
fied  breach  criteria  and  normal  reservoir  outflow. 

d.  Routing  of  the  failure  hydrograph(s )  to  desired  down¬ 
stream  locations.  The  results  provide  estimates  of  the  peak  dis¬ 
charge^),  time(s)  to  peak  and  maximum  water  surface  elevation(s) 
of  failure  hydrograph(s )  for  each  location. 


HYDROLOGY  AND  HYDRAULIC  ANALYSIS 
DATA  BASE 


NAME  OF  DAM: 


RICKARDS  DAM 


PROBABLE  MAXIMUM  PRECIPITATION  (PMP)  =  22.0 


INCHES/ 2 4  HOURS  (1) 


STATION 

1 

2 

3 

STATION  DESCRIPTION 

LONG  RIDGE 

DAM 

RICKARDS 

DAM 

DRAINAGE  AREA  (SQUARE  MILES) 

0.1 

1.1 

CUMULATIVE  DRAINAGE  AREA 

(SQUARE  MILES) 

0.1 

1.2 

ADJUSTMENT  OF  PMF  FOR  ... 

DRAINAGE  AREA  LOCATION  (%}  ■ 

Zone  1 

Zone  1 

-6  HOURS 

111 

111 

12  HOURS 

123 

123 

24  HOURS 

133 

133 

48  HOURS 

142 

142 

72  HOURS 

- 

- 

SNYDER  HYDROGRAPH  PARAMETERS 

ZONE  (2). 

1 

1 

C?  (.3) 

0.45 

0.45 

Ct  (3) 

1.23 

1.23 

L  (MILES)  (4) 

1.7 

Lea  (MILES)  (4) 

_ 

0.7 

L.'-  (MILES)  (4) 

0.21 

t  (MILES)  (5) 

P 

0.48 

1.30 

SPILLWAY  DATA 

CREST  LENGTH  (FEET) 

10 

72 

FREEBOARD  (FEET) 

2.1 

2.1 

(1) .  HYDROMETEOROLOGICAL  REPORT  33,  U.S.  AMRY  CORPS  OF  ENGINEERS,  1956. 

(2)  HYDROLOGIC  ZONE  DEFINED  BY  CORPS  OF  ENGINEERS,  BALTIMORE  DISTRICT,  FOR 
DETERMINATION  OF  SNYDER  COEFFICIENTS  (C^  AND  Ct) . 

(3)  SNYDER  COEFFICIENTS 

(4)  L  »  LENGTH  OF  LONGEST  WATERCOURSE  FROM  DAM  TO  BASIN  DIVIDE 

LCa  -  LENGTH  OF  LONGEST  WATERCOURSE  FROM  DAM  TO  POINT  OPPOSITE  BASIN  CENTROID. 
L'  =  LENGTH  OF  LONGEST  WATERCOURSE  FRCM  RESERVOIR  INLET  TO  DRAINAGE  DIVIDE. 

(5)  tp  *  Ct  (L’Lca)°-3  or  tp  =  Ct(L')°'6 
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APPENDIX  P 
GEOLOGY 


Rickards  Dam  is  located  in  the  glaciated  Low  Plateaus  section 
of  the  Appalachian  Plateaus  physiographic  province  of  eastern 
Pennsylvania.  In  this  area,  the  Appalachian  Plateaus  province  is 
characterized  topographically  by  flat-topped,  hummocky  hills  formed 
as  a  result  of  glaciation  and  subsequent  stream  dissection  of 
nearly  flat-lying  strata.  The  Devonian  age  sedimentary  rock  strata 
in  Pike  County  regionally  strike  N35°E  and  dip  gently  to  the 
northwest.  The  Delaware  River  is  the  major  drainage  basin  in  the 
area.  Major  tributary  streams  intersect  the  Delaware  River  at 
right  angles;  whereas,  smaller  streams  display  a  slightly  more 
random  tributary  pattern.  Both  major  and  minor  tributary  stream 
systems  are  joint  controlled  and  exhibit  modified  rectangular  and 
trellis-type  drainage  patterns. 

Structurally,  the  area  containing  Pike  County  lies  on  the 
south  flank  of  a  broad,  asymmetrical  synclinorium  that  plunges  to 
the  southwest.  Superimposed  on  this  broad  structural  basin  are 
numerous  anticlinal  and  synclinal  folds  characterized  by  planar 
limbs  and  narrow  hinges.  Due  to  prior  glaciation,  low  relief  and 
surficial  soil  cover,  fold  axes  are  difficult  to  trace. 

The  sedimentary  rock  sequences  in  the  vicinity  of  the  dam  and 
reservoir  are  probably  members  of  the  Susquehanna  Group  of  Upper 
Devonian  age  (see  Geology  Map).  The  sedimentological  changes 
observed  in  the  Catskill  Formation  indicate  that  the  rate  of 
sedimentation  exceeded  the  rate  of  basin  subsidence,  resulting  in  a 
facies  change  from  marine  to  non-marine  strata.  On  the  ac¬ 
companying  geology  map  the  delineation  between  the  Middle  and  Upper 
Devonian  age  sedimentary  rock  sequences  represents  the  Allegheny 
Front,  which  separates  the  Valley  and  Ridge  physiographic  province 
from  the  Appalachian  Plateaus  physiographic  province. 

Approximately  half  of  Pike  County,  including  the  dam  site,  is 
covered  by  a  blanket  of  Wisconsin  age  (most  recent)  glacial  drift 
which,  based  on  the  degree  of  weathering,  was  probably  deposited 
during  the  Woodfordian  stage.  Valley  bottoms  are  typically  covered 
by  recent  alluvium  and  Woodfordian  outwash  of  variable  thickness, 
but  typically  less  than  10  feet.  These  deposits  are  charac¬ 
teristically  unconsolidated  stratified  sand  and  gravel,  usually 
with  more  gravel  than  sand  and  some  small  boulders.  The  direction 
of  the  Wisconsin  ice  advance  was  from  the  northeast  over  the 
Catskill  Mountains  and  from  the  north  over  the  Appalachian  Plateau. 
The  terminal  moraine  resulting  from  the  southern  most  advance  of 
the  Wisconsin  ice  sheet  in  this  area  is  located  in  the  southern 
portion  of  Monroe  County,  which  borders  Pike  County  to  the  South. 
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UPPER  DEVONIAN 


Catski 11  Formation  ~  !>hohf>la  Meml'cr  int  erltedded  f,-  7o  unite  >>f  greeni nh-gr»iy  and  grayi nh- 

ri>d  very  fine  to  me, lium-gra  inert  nnndntonr  a tv  I  nandy  nhale  find  fer.ner  medium-gray  t o  medi  ten-dark -gray  n, tnd- 
nlone  anti  nhale.  ,'tandnlonen  are  predominant  l y  1ot,t-rank  gtuiyiJaokon.  Redn  are  thin  to  ?vrw  thio k  and  m>nt 
have  nimfd.e  or  planar*  tjeto  of  email -  to  medi.um-noal  e  t  generally  lout-angle  oron: r  rtft  t  ifi<*at  i,'n.  Contaot  * 
with  nhale  unite  art*  abruptly  dinonnformable  to  grsxdat  ional .  Xatulotonrr  are  po,'rht  oh'aved.  Cdutle  in 
thinly  laminated  and  toe 1 1  cleared.  Mud  crackn,  oonttolule  l>rdtfittg,  and  role  trutrkn  .roe  prenent  neat*  oottl  aot  n 
with  nandntane  unite.  Member  in  m're  titan  ?,n00  feet  throb.  fjouter  oontaot  i r.  grodat  ion.il  and  in  plaoed 
at  top  of  Inghent  red  bed  of  t  he  un,lerly\  ng  Analctninb.  Anahminb  Hod  y.htlr  M*'mi<er,  meditm-grayi nh  red 
nilt.y ,  mi  oar e  our,  finely  laminated  well-/  leaved  nlkile  ertntaining  thin  bedr  of  brv.uii  nh-gt*,iy  nandy  ni  1 1  atone 
and  nitty  Very  fine  grained  nandntono.  fVii  t  in  the  "firnt  red"  going  up  root  ion  in  ttf'per  Peronian  negumoe. 
member  in  about  lOO  fret,  thick.  Lot, >>er  roniAot.  in  gradaiiotuil  and  in  plaoed  at  the  hwo  of  hn.ur.t  red  bed. 
Delawat'e  River  Flagn  Member ,  grayi  nh-gree>: ,  mioaoraun ,  l.minated  nandntono  and  tenner  interf'oddod  nan,fu 
nhale.  Redn  r*ange  from  a  few  i nohen  to  an  muoh  an  4  feet  thirk,  ;* iindntonen  are  Jout-rank  gr.iywi.~ken  a*vi 
contain  no  marine  fonni.ln ,  Member  in  about  .WO  feet  t  hi  ok.  Uower  oontaot  in  gmidat  ion,il . 
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Mahantanqc  Formation  -  Uj*per  member  me,iitmi-dtirk-gi*ay,  fairly  orarne  grained ,  thin-folded  ni  l  tnt,*no  an, / 
nitty  nhale  i  member  in  about  700  feet  thiok  and  in  neparat.ed  from  letter  number  bu  t  he  "Center  field  Reef," 
a  caleareoun  niltnt.one  biontrome  containing  abundant  horn  coral n.  The  t'mtevfield  in  about  r/«  feet  thiok f 
lower  member,  virtually  ntwne  lithology  an  upper  memfter.  Unit  in  abutt  l,  loo  feet  thiok.  I**wer  oontaot  in 
gradational. 

Marcel  lua  Shale  -  Dark-gray ,  evenly  laminated,  nitty  elay  nhale  and  o/ayey  nilt  *K\le.  unit  commonly 
mntainn  very  hard  limy  eeneretinnn  and  in  well  cleaved ;  he, Ming  in  generally  obn.mred.  NnuN'r  in  about 
9  ?h-feet  thick,  Istt.tor  oontaot  in  gradational . 
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